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Abstract: Na-dodecylbenzenesulfate (SDBS), a natural anionic surfactant, has 34 
been successfully intercalated into a Ca based LDH host structure during 35 
tricalcium aluminate hydration in the presence of SDBS aqueous solution 36 
(CaAl-SDBS-LDH). The resulting product was characterized by powder X-ray 37 
diffraction (XRD), mid-infrared (MIR) spectroscopy combined with near-infrared 38 
(NIR) spectroscopy technique, thermal analysis (TG-DTA) and scan electron 39 
microscopy (SEM). The XRD results revealed that the interlayer distance of 40 
resultant product was expanded to 30.46 Å. MIR combined with NIR spectra 41 
offered an effective method to illustrate this intercalation. The NIR spectra (6000 42 
- 5500 cm-1) displayed prominent bands to expound SDBS intercalated into 43 
hydration product of C3A. And the bands around 8300 cm-1 were assigned to the 44 
second overtone of the first fundamental of C-H stretching vibrations of SDBS. In 45 
addition, thermal analysis showed that dehydration and dehydroxylation took 46 
place at ca. 220 oC and 348 oC, respectively. And SEM results appeared 47 
approximately hexagonal platy crystallites morphology for CaAl-SDBS-LDH, 48 
with particle size smaller and thinner.  49 
 50 
Keywords Tricalcium aluminate (C3A); Sodium dodecyl benzene sulfonate (SDBS); 51 
Intercalation； Near-infrared (NIR); Middle-infrared (MIR) spectroscopy;  52 
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1. Introduction 66 
Layered double hydroxides (LDHs), also called anionic clays, are normally 67 
composed of positively charged metal oxides /hydroxide layers and exchangeable 68 
interlayer inorganic anions, organic anionic, poly (acrylic acid) and 69 
superplasticizers [1, 2]. The general chemical formula for LDHs are expressed of 70 
[M1-xII MxIII(OH)2]x+[Ax/nn−]·yH2O, where MII and MIII represent metal cations and 71 
An− the interlayer anions [3]. LDHs have one of outstanding property that a 72 
variety of anionic species, specially organic anions, can be inserted by guests into 73 
the interlayer region assembling organic-LDH, of which the intrinsic hydrophilic 74 
surface property can be changed into hydrophobic one [4, 5]. Modified LDHs with 75 
larger surfactant anions lead to larger interlayer region for increasing adsorption 76 
capacity. Recently, the hydrophobic nature and accessibility of the interlayer 77 
region of organo-LDHs increase their materials adsorption species, such organic 78 
pollutants of non-polarity or low polarity in the environment [6-8]. 79 
Hydration of tricalcium aluminate (C3A), which is an influent constituent in 80 
cement produces layered double hydroxides, namely 2CaO·Al2O3·8H2O (C2AH8) 81 
and 4CaO·Al2O3·13H2O (C4AH13). Their structures reveal [Ca2Al(OH)6+] main 82 
layers with OH- anions and H2O molecules in the interlayer region [9, 10]. It is 83 
easier to trap other anions such as Cl-, SO42- CO32-to form hydrocalumite. 84 
Typically, one of hydrocalumite with chloride is the major and stable hydration of 85 
C3A in cement paste/concrete subjected to sea water attack [11]. So as hydration 86 
of C3A can be easily and cheaply combined with anions to form to Ca based LDHs. 87 
In our previous research, we focus on introducing Na-dodecylsulfate (SDS) of 88 
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Na-dodecylbenzenesulfate (SDBS) into resulting products from hydrocalumite [12, 89 
13]. In fact, it have been reported that comb-shaped polycarboxylates which are 90 
used as superplasticizers in concrete can also introduce into the hydration of C3A 91 
interlayer region [14]. Generally, the structure of most LDHs intercalated by guest 92 
anions is via to X-ray diffraction (XRD), mid-infrared (MIR) spectroscopic 93 
methods [15, 16]. In addition, near-infrared (NIR) has been widely application in 94 
clay mineral such as organoclays, kaolinite group minerals and montmorillonite 95 
[17, 18]. This technique can be useful to measure overtones and combination 96 
bands of the fundamental vibration of O-H, N-H and C-H bands in the 97 
mid-infrared region [19, 20]. Therefore, combined with MIR spectroscopy and 98 
NIR spectroscopy have been supported as an alternative analytical method as they 99 
are fast, convenient and nondestructive [21]. However, there are few reports on 100 
using this combination technique to verify modified LDHs.  101 
In the present study, this research focuses on using C3A directly to adsorb 102 
SDBS from aqueous media. The objectives of this research are to (1) investigate 103 
the structure and morphology of resulting product for SDBS adsorbed with C3A; 104 
and (2) combined with MIR and NIR spectroscopy to evaluate the SDBS 105 
intercalation into the interlayer of hydration of C3A, which demonstrate that the 106 
NIR region provide information comparable with that obtained by MIR and afford 107 
effective method to illustrate the SDBS is intercalated into direct hydration of C3A 108 
successfully. 109 
2. Experimental and methods 110 
2.1. Materials preparation 111 
The organo-LDH phase, named as CaAl-SDBS-LDH, was prepared by the 112 
hydration of C3A with 0.2 mol/L SDBS solution. Firstly C3A was synthesized 113 
through the solid phase reaction. In brief, reagent grade CaCO3 and low-alkali 114 
Al2O3 at a molar ratio of 3:1 were heated at 1300–1350 °C. The heating process 115 
was conducted in quartz crucibles and continued until X-ray powder diffraction 116 
and a modified Franke test showed that the free lime content was reduced to below 117 
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0.5%. Then 50 ml of SDBS solution with 0.2 M SDBS was mixed with 118 
as-prepared C3A and shaken at 150 rpm in a thermostatic bath shaker at 25 ± 1 °C. 119 
After stirring, the mixture was aged at 60-70 °C for a further 24 h. The slurry was 120 
washed with distilled water, and dried at 70 °C overnight. Then the dried sample 121 
was ground, passed through 100 mesh sieve and stored in a desiccator for further 122 
use. 123 
2.2. X-ray diffraction 124 
Powder X-ray diffraction (XRD) patterns were collected using a D/max RBX 125 
diffractometer, using Cu-Kα (40 kV, 100mA) radiation at 6° min−1 between 126 
5.0°and 65° 2θ angles. In particular, these samples were carefully scanned in 127 
2θ=2-15° at a scanning rate of 2° per minute using silts 1/6 (divergence), 1/6 128 
(anti-scattering) and 0.15 (receiving). All samples were prepared for X-ray 129 
diffraction as a random pressed powder.  130 
2.3. Mid-infrared spectroscopy 131 
The Mid-infrared spectra were obtained using the Thermo Nicolet AVATAR 132 
370 Fourier transform infrared (FT-IR) spectrometer with a smart endurance 133 
single bounce diamond ATR cell. 64 scans were co-added for each measurement 134 
over the spectral range of 4000-400 cm−1 with a resolution of 4 cm−1. 135 
Near-infrared spectra were collected in reflectance mode using a Nicolet 136 
Nexus FT-IR spectrometer with a Nicolet Near-IR Fibreport accessory (Nicolet 137 
Nexus, Madison, Wisconsin, USA). A white light source was used, with a quartz 138 
beam splitter and TEC NIR In Ga As detector. Spectra were obtained from 12,000 139 
to 4000 cm-1 (909-2500 nm) by the co-addition of 64 scans at a resolution of 8 140 
cm-1. A mirror velocity of 1.2659 m/s was used. 141 
The spectral manipulations of baseline adjustment, smoothing, and 142 
normalization were performed using the Spectracalc software package GRAMS 143 
(Galactic Industries Corporation, NH, USA). Band component analysis was 144 
carried out using Peakfit software (Jandel Scientific, Postfach 4107, D-40688 145 
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Erkrath, Germany). Lorentz-Gauss cross product functions were used throughout, 146 
and peakfit analysis undertaken until squared correlation coefficients with r2 > 147 
0.998 was obtained. 148 
2.4 SEM 149 
The morphology of the resulting products was examined with scanning 150 
electron microscopy (SEM) with an S-2360 microscope (Hitachi). Before loading, 151 
the samples were ultrasonically dispersed in ethanol solution. 152 
3. Results and discussion 153 
3.1. XRD analysis 154 
The XRD patterns of the reaction products between C3A and C3A modified by 155 
SDBS as well as product of hydrated C3A (C4AH19) as reference are shown in Fig.1. 156 
The first basic reflection corresponding to the highest d-value gives information about 157 
the interlayer distance. As shown in Fig.1(a), a strong first reflection of C4AH19 158 
located in 8.18 o (2θ) was displayed obviously that a basal d-value was 10.6 Å. After 159 
C3A was added into 0.2M SDBS aqueous solution, the reflection of the collected solid 160 
corresponding to (002), (004), (006) crystal planes were recorded at low angles, such 161 
as 2.91o, 5.86o, and 9.04o, and their corresponding distances of spacing were depicted 162 
multiple relationship, indicating obviously well-formed double layered structure, with 163 
the basal spacing d(002) was 30.46 Å, which are expanded to 19.86 Å compared with 164 
C4AH19. Owing to the increase of the basal spacing of the layered materials, the 165 
diffraction peak represented the interlayer spacing shift to a lower 2θ value [22]. The 166 
results were very powerful to illustrate that SDBS anion was intercalated into 167 
interlayer of CaAl-LDH during hydration of C3A occurring and formed new LDH 168 
phase. Based on researches earlier reported that a thickness of 4.8 Å for CaAl-LDH 169 
main layer [23], the interlayer spacing was calculated to be 19.86 Å. In theory, the 170 
length of SDBS anion is 21 Å [24], an interlayer spacing of 17.8 Å and 35.6 Å would 171 
be shown for monolayer and bilayer models with perpendicular orientation of the 172 
Na-dodecylsulfate in the interlayer, respectively [13]. Thus, the interlayer spacing of 173 
CaAl-SDBS-LDH is between that of monolayer and bilayer in our research, so it can 174 
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be deduced that its conformation of SDBS ion in interlayer was a inter-penetration 175 
bilayer model. Moreover, it was revealed obviously in Fig.1(b) that some peaks of 176 
C3A (marked with *) were still existed in XRD pattern of CaAl-SDBS-LDH, 177 
suggesting that intercalation did not finish completely between DBS- ion and C3A. It 178 
was possible due that the hydration process taking place the surface of C3A to restraint 179 
SDBS combined with C4AH19 to form LDH. 180 
3.2 Mid-infrared spectroscopy 181 
  The mid-infrared spectra of C3A and C3A modified by SDBS in 4000-500 cm-1 are 182 
displayed in Fig.2 and the results reported in Table 1. There is obvious difference 183 
between the MIR spectra of C3A and CaAl-SDBS-LDH in the range of 4000-500 cm-1. 184 
In the case of C3A, there were only obviously shown the bands in the range of 185 
900-500 cm-1 mainly attributed to M-O lattice vibrations (M-OH, M-O-M or O-M-O), 186 
with no bands observed in 4000-900 cm-1. It was perfectly suitable for the structure of 187 
C3A, which was only assemble by calcium oxide (Ca-O) and aluminium oxide (Al-O). 188 
In contrast, the MIR spectra of CaAl-SDBS-LDH bands were obviously located into 189 
three regions, 4000-2500 cm-1, 2000-900 cm-1, 800-500 cm-1 respectively. For 190 
4000-2500 cm-1 region, the positions and relative intensities of the bands due to 191 
typical C-H stretch (νas(CH3)) at 2960 cm-1, νas (CH2) at 2930 cm-1, andνas (CH2) 192 
at 2851 cm-1, closely resemble those found in the literature [25]. In the infrared 193 
spectrum between 3800 and 2800 cm-1 characteristic bands appeared in 3640, 3600 194 
and 3475 cm-1 attributed to the stretching vibrations of lattice water and OH groups. 195 
Moreover, the bands in 3650, 3569 and 3400 cm-1 represent the stretching vibrations 196 
of interlayered water and OH groups. Compare to the IR spectra of CaAl-Cl-LDH in 197 
this region reported related literature [24], the positions of these bands shift to lower 198 
wave-numbers upon reaction with SDBS, which was suggested that the surface 199 
property of organo-LDH was changed from hydrophilic to hydrophobic [26]. For 200 
2000-900 cm-1, the bands at 1015, 1040, 1176, 1216, 1134, 1412, 1460 cm-1 were 201 
ascribed to C-H aromatic in-plane bend (1015 and 1134 cm-1), S=O symmetric stretch 202 
and anti-symmetric stretch (1040 and 1216 cm-1), the S=O anti-symmetric stretch 203 
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(1176 cm-1), and C-C aromatic stretch (1412 and 1460 cm-1), closely similar to those 204 
reported in the literature referred to CaAl-LDH-SDBS synthesized by SDBS 205 
intercalated into CaAl-Cl-LDH [24]. Besides, it is well known that IR spectroscopy is 206 
very sensitive to carbonate anion (1425 cm-1), with the very weak band here it was 207 
assumed that the prepared sample was carbonate free. As for 800-500, there were still 208 
appeared bands represented M-O lattice vibrations, and these bands were obviously 209 
shifted to lower wave-numbers compared to C3A, owing to the formation of hydrogen 210 
bonding of benzenesulfonate with the OH group of the layer as well as with the 211 
interlayer water via H-O-M besides the electrostatic attraction and the possible 212 
hydrophobic interaction between the interlayer DBS anions. Based on the above 213 
results, it was proved that SDBS was intercalated into hydration product of C3A and 214 
formed CaAl-LDH-SDBS successfully.  215 
3.3 NIR spectroscopy 216 
The NIR spectra are the result of energy absorption by organic molecules [19] 217 
and often named as proton spectroscopy. Besides, the NIR spectroscopic technique 218 
mainly measures overtones and combination bands of the fundamental vibration of 219 
O-H, N-H and C-H bands in the mid-infrared region [17, 19]. Usually, the near IR 220 
spectra may be conveniently divided into sections according to the attribution of 221 
bands in this spectral region. Based on C3A used in the experiment, which only 222 
contains M-O bonds, accordingly near IR spectra of C3A had no bands in this region. 223 
It was focused on revealing the near IR spectra of C3A modified by SDBS. There 224 
were only broad bands in the region of 5500-4800 cm-1, which attributed to the 225 
overtones of water OH vibrations. And the corresponding bands ranged from 4700 to 226 
4000 cm-1 region became complex, bands at 4644, 4609, 4330, 4393, 4260 and 4180 227 
cm-1 with variable band positions and diminishing intensity were observed, it was 228 
attributed to the combination of the symmetric stretching modes of the (CO3)2- anion 229 
and CH groups. Besides, three bands at 5870, 5815 and 5776 cm-1 were displayed 230 
which corresponding to the overtones of C-H stretching vibrational modes, which 231 
were attributed the overtone bands 2ν as(CH3), 2ν as(CH2) and 2ν s (CH2), 232 
9 
 
respectively. Moreover, the bands were observed for CaAl-SDBS-LDH at 7193, 7093, 233 
6907 and 6859 cm-1 and were assigned to the first fundamental overtone of the OH 234 
stretching vibrations at ca.3500 cm-1 in MIR spectrum for CaAl-SDBS-LDH. It was 235 
also observed weaker bands around 8300 cm-1, which was C-H overtone stretching 236 
vibrations [19]. The above mentioned were closely similar to those reported in the 237 
literature referred to LDH intercalated by SDBS [24], suggesting again combined with 238 
C3A to form LDH. 239 
3.4 Thermal analysis 240 
   The TG-DTA curves of C3A and CaAl-SDBS-LDH are shown in Fig. 3. Compared 241 
with the curve of C3A (Fig. 3 a), three major weight loss stages of 9.98 % around 220 242 
oC, 9.15 % around 410oC, and 20.26 % after 578 oC were observed in the TG curve of 243 
CaAl-SDBS-LDH, which was correspond to the loss of adsorbed lattice water 244 
molecules, dehydroxylation of the layer and the decomposition of SDBS respectively. 245 
In the case of the DTA curve of CaAl-SDBS-LDH, the endothermic peaks was 246 
appeared at 220 oC, 410oC and 578 oC, which were perfectly suitable for the TG curve. 247 
These results indicated that CaAl-SDBS-LDH contained obviously adsorbed and 248 
interlayered water, and the dehydration temperature were all lower than that of LDHs 249 
which interlayer spacing composited inorganic ions, such as Cl- [12]. It was possibly 250 
resulted from the hydrophobic nature of interlayer surface enchanced to lead to 251 
interlayered water adsorbing power reduced In addition, we could find that 252 
CaAl-SDBS-LDH was the mass loss at ca.810 oC, related to an exothermic peak in 253 
DTA curve, which was attributed to LDH structure collapse [27]. The total mass loss 254 
was 39.4%, which was higher than that of C3A. All thermal results could illustrate that 255 
SDBS was intercalated into the hydrated of C3A and formed organo-LDH. 256 
3.5 Scan Electron Microscopy (SEM). 257 
The SEM micrographs of C3A and CaAl-SDBS-LDH are shown in Fig.4. 258 
Compared with C3A, the resulting solid of CaAl-SDBS-LDH appeared obvious 259 
changes in morphology, which the approximately hexagonal platy crystallites were 260 
observed in overall morphology. And the particle plates changed to a layered structure, 261 
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which was just identical with the XRD results. Moreover, the particle size of 262 
CaAl-SDBS-LDH changed to smaller and thinner, which was accord with some 263 
references related to organo-LDHs [13]. It was due to the aggregation of crystal 264 
particle. restrained effectively by SDBS. 265 
4. Conclusions 266 
   Novel organo-LDH nanohybrids were successfully synthesized by hydration of 267 
C3A in the presence of SDBS aqueous solution, which was illustrated by the 268 
combination of the MIR and NIR spectroscopic methods complemented with XRD, 269 
TG-DTA and SEM analysis. This research expounded that SDBS could be intercalated 270 
into interlayer spacing during C3A occurring hydration reaction and formed 271 
organo-LDH, with the interlayer distance was 30.46 Å. MIR combined with NIR 272 
spectra offered an effective method to assist evidence for this intercalation. The 273 
regions from 6000 to 5500 cm-1 are more obvious to examine SDBS intercalated into 274 
hydration product of C3A. In addition, it is also revealed that the bands around 8300 275 
cm-1 are assigned to the second overtone of the first fundamental of C-H stretching 276 
vibrations of SDBS.  277 
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Table.1 Summary of MIR wavenumbers (cm-1) and their assignment for C3A and 368 
CaAl-SDBS-LDH 369 
Wavenumbers 
C3A CaAl-SDBS-LDH Assignment 
1625, 1543, 1484 1665 Water bending modes 
 1425 
Carbonate antisymmetric 
stretch 
 1465, 1417 C–C aromatic stretch 
 1176 S=O asymmetric stretch 
 
1216, 1040 
S O symmetric stretch and 
anti-symmetric stretch 
 
1134, 1015 
C–H aromatic in-plane 
bending 
792, 593, 534 692, 560, 534 M–O lattice vibrations 
 370 
 371 
 372 
 373 
 374 
 375 
Table.2 Summary of NIR wavenumbers (cm-1) and their assignment for C3A and 376 
CaAl-SDBS-LDH 377 
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Wavenumbers 
C3A CaAl-SDBS-LDH Assignment 
 8300 C-H overtone stretching vibrations 
 7193, 7093, 6907, 6859 OH stretching vibrations 
 
5870, 5815, 5776 
The overtones of C–H  stretching 
vibrational modes 
 5233, 5164, 5075 water OH vibrations 
 4644, 4609, 4330, 4393, 4260, 4180 (CO3)2- and CH groups 
 378 
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